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WSAR: SomeThings You Should Know

Ulllard F. Hemsing

Detonation Systems, Los Alamos Natinnal Laboratory
P. O. Box 1663, f4S P950, Los Alamos, hN ,37545

Abstract

VISAR performance can be improved while raducing cost, set up time, and required operator skill. Simple
features that increase laser light efficiency, improve signal-to-noise ratio, reduce t’le number of data chan-
nels, greatly simplify data reduction, ●ase VISAR adjustments, and reduce laser wear and tear are discussed.
These features were collected, developed, tried, and proven ever the last fb.’ years isnd several hundred VISAR
shots .

Introduction

Although any VISAR can measure velocity, its true value depends upon how wall it acql!ires data compared to
the cost, effort, end assets required for its use, Versatility and ability to meesure velocities under ad-
verse cmditions, as well as simplicity and low cost can easily be achievpd in the SGW instrument.

This paper is a brief description of features that have proved useful in our VISAR since 1976. I !save
selected for discussion those features most ignored by VISAR builders ●nd users. It is surp”isinti that most
of the best alternatives are the least expensive.

It is assumed that everyone is familiar with VISAR; therefore, no detailed discussion of VISAR will be
presented here. The two data channel method discussed here ls!wically precedes another paper. “VISAR: 2%
Minutes For Data Reduction,” to be presented in Session 4.

Ideas presented here can be rouped into four categories:
7

VISAR optical system desigr, data sfgn,ls and
recording, data reduction, or m scellaneous. Except for optical system design featu; es, they can easily be
incorporated into ex{sting systems.

VISAR optical sYs@

Push-pul 1 photodetector design

Figure 1 shows a conventional VISARi fnterferwseter with an inten$~ty monitor and two data detectors, In
this design, three signa;s are needed for data reduction; however, only the two data detectors obtain velocfty
flltormation. Noreover, one recombined beam from the interferometer fs not used. Thus, only about one-third
of the available I{ght produces signal containing valocity information.

in the design of Figure 2, two more data detectors are added, but thenonitor is deleted.z Here all light,
excepi for tmsnjmission and r~flection losses, produces signals that contain velocity information. Thus, the
useful signal Is approximately triple that of Figura 1,

In practice, the four signals of Figure 2 are usually not racordod separately, Instead, the conjugato
sfgnais from oppos{te sides of the interfermat~lh are subtracted ●lectronically boforo recording, This pro-
vides several benef~ts. Optical orulectrical noise c-n to both signals is cancolledwh{lo the signal
ampiitude is doubled. Furthermore, only two data channels are nee~!d, Aiso, the signals are of the proper
form to use th~ simple arctangcnt dfita reduction alvor~thn to be dttcussed later,

Althouqh this design does rsqulre a mod{ f{ed VI SAR, it provides important advantages, Th@ r, Iattve iis-
portance of th@ Increased slqnai, reduced se~!sittvity to optical noise from target s~lf-lluht, or reduced
sensitivity to stronti s;ectromii~llet{. interference depends upon tho VISAR sppllcctlon. Any one of the three
could be paramount In a qtim exp~riment.

Y

Flgurs+ 1, Schematic of cmwntlonal VISAR with thr~e siflnal$ required for data analys!s.
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Fig~ie 2. SchQmatic of push-pull VISAR with outputs that are subtracted to give two signals.

Polarizing beamsplitter for dividing light

Because it is necessary to operate two VISAR$ together on some experiments to account for lost fringes,
light is oftsrn spilt between two interferometers. This is uslally done with an ordinary 50/50 bearssplitter,

To prevent the possibility cf time dependent polarization ;hanges from affecting ‘,he quadrature-coded data
signals unequally, it is necessary to polarize light ahead of a VISAR interferometer. The input polarization
should be oriented halfway between tne orientations of the two data polarizations to ensure equal signal
strengths. But using a 5C/50 beasrsplitter before the pola~izer wastes approximately half the light.

By using the polarizing baamsplitter andmfrror arrargessent of Figure 3, it is possible to simultaneously
split the light equally between two interferometers, provide the proper polarization, and not waste light.
This small change could effectively double the laser power in many exisLing VISAR systems.

Light efficiency and signal-to-noise improvements enable the use of higher f number optical components.
OrN= beneficial iffect of this is to reduce aperture broadening of the doppler spectrum collected. This broad-
ening is caused by the angular dependence of the doppler shift over a finite collection an!jle.
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Figure 3, Polarizing beamsplttter an,l mirror arran~ement to spilt, polarize,
and properly or{ent fnput to two VISAR lnterfer~sreters,

Tral!slfite the etalon mlrror~-.. —.— ..— —

Figures 1 ●nd 2 show VISAR interferometers wlt.h a glass etalon in on@ Ieq, It is necessary to change this
etalon and th~ Iocrntfon of one mirror to adjust the VISAR frtnge con<tant.

A Ilnoar transltsto,’ (s usullly ltiovid~d to allow for equal lzlnfl beamsp) itter-to-mirror path lengths after
~talon chanqes. In prfnciple, either mlrrbr can be translated.

However, It f! nrJch better to tran$latp the mirror In the $ame It)g as the ?talon, This allows the othsr
mlrrol to +e fixed. Thwt, wfth tlw beamsplfttor, {t can provide a parmanstnt refar~nce for the opt. icnl axfs
throu@l thsr lnterforom~ter,

If t40 mirror oppo.,ltv tha atalon It translated, etalon ch~ngas affect both le s of tho tnterfernmeter.
YThl$ chmpos both ‘he optical axis nnd the wsgle for recombination at tha brnamupl ttor. ltac~use th, ~ photo-

dett?ctor ap~rturos are fixed, they wIII no loIIq@r IJII on coincident optical axes. Th!% wIII cause llght dls
trfbullon ch~lrlqas hatwopn photodptoct.ors to bo ml<tlnt~rp~t~d as volocfty chanocs. Thus$ srtalon chanqos
n?cpssltate tsrdlous r~aliqnment of mirrors, l)aamsplfttersl ripnrtur~t, otc,
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Data signals and recording

Recording data with two channels

The push-pull p,!otodetector design of Figure 2 is no& necessary to enable the use of two channel data
recording. If the monitorof Figure 1 is subtracted frose each of the data signals, it can be eliminated.3

Although the resulting signals do not have increased amplitude as in the push-pull design, some Lenefits
are still obtainad.

Only two data recording devices instead of three are fieeded. This could be significant, ~specially if
changing from oscilloscopes to digitizers. For example, one R7912Afl digitizer costs approxis!etely the same as
the whole VISAR optical system. Or, a single two channel digitizer could suffice for recording VISAR data.

Another brmefit realized when using two data channels is greatly simplified setup. By using an X-Y (or
Lissajous) oscilloscope display of both fringe signals, it is simple to equalize a~lifier gains and to adjust
the interferometer retardation plate to obtain perfect quadrat.ilre. This is done during setup with a piezeo-
electric translator mo~ing one interferometer mirror to provide fringe motion. Correct adjustment is obtained
when a perfect circle is produced on the oscilloscope.

Finally, data reduction using two data channels is greatly simplified. This is the most important reason
for using two channels.

Data format and error discussion

VISAR raw data is usually recorded by oscilloscope cameras or waveform digitizers. In s!t!ier case, several
constants are needed before data reduction can be done. Also, precise tins registration between all data must
be provided.

By recording the laser turn-on generated by a fast Pockel’s cell on traces just before the s:art of datd,
it is possible to get zero light level and, in most cases, precise K.ime synchronization of multiple traces.

The additton of time fiducials before and after each signal provides more than redundancy. First, time
calibration can be verified frcz the raw data. Furthermore, t$e valid data intervai can be located auto-
matically, Finally, sequential traces can b~ registered in tihm to each other,

Figure 4 shows a VISAR record obtained usin~ two data channels ●nd an oscilloscope camera. Each data trace
contains the laser turn-on, a time fiducial, velocity data, and a f?ducial just be;ore the end of the trace.
Offset below @ach trace is the time calibration signal.

F{gure 4, Comp?ete VISAR r~cord showing two signals ebtalned by electronic
subtraction, zero light level Lefore Pockel’s cell turn-on, time
fiduciais .nd time calibration marks cffset below signais,

In thts format, a slnqle film contafn$ most information for data rmtuction excapt tha fringe constant and
the time mark lntarval, Both are tire independent.

Although the amplitude ratio of the two slonals is not self-contained In the record, It 19 sut to 1.0
dur{ng VISAR $@tup, Also it fs quite stW’e ●ven owr a parted of days. Morotmr, data rsduction {s rela-
tlwly insensltfw to mod~st changes in this ristio, ?specfally when many frinves are present.

Almost the sams is truq fc~v th~ phase angle; it Is s~t to 90° d~rlnv setup, it is very stable, and dots
reductlun {$ quite Insensltfvo to modest chan~s In ft.

rurthcrmoro, over wsver.sl fringes, ft is prob~ble for errors in any or all of the abova con!$tants to w-
era~ to 2ero, TIIIs is becaus@ the effect of these errors is to super imp~se onto tha valocity, a small
oscilla:~nq ●rror, ~or an fntpqr~il o! the valocfty, I{ka the position vs tftse curva, @rrors can aviraoe
spprox{mately to zero over each fringe, Thus V!SAR sign~ls are relatively immune to experimental errors.
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Arctanqent data reduction

I

I

This data reduction methods is usable in VISARS where data are recorded with two channels. It complements a
graphical diagnostic to simplify data analysis. It has been used for several years in two systems; one for
manually read oscilloscope photographs and another with computerized data acquisition. It will be discussed
in the Sess~on 4 paper, “VISAR: 2* Minutes for Data Reduction. ”

t4iscellaneous

~[SAR fringe constant accuracy

The accuracy of VISAR measurements depends upon an accurate determination of the interferometer time delay
that gives rise to the fringe constant. A two-stage procedure using white light interference from a mercury
source, then an incandescent lamp, ca,l be used to make a very precise determination of the zero delay posi-
tion. All fringe constants can then be based on this zero position.

VISAR sequencer

For the past six years. our VISAR has made use of a microprocessor-based sequencer to perform check list,
repetition, and firing chores. It verifies proper firing conditions, then gates, triggers, and switches in
the proper sequence to acquire velocity signals and calibration data. This provides several benefits.

It allows the laser to idle at just above lasing threshold, except when gated to higher power by the se-
quencer. Tt,~s, plasma tube life and also laser safety are greatly enhanced.

It helps maximize accuracy by acquir{ng calibration wii.hin milliseconds after velocity signals are re-
corded. Also, it greatly reuuces the time, effort, and skill required to fire VISAR tests.

Although rapid test-firing is not always necessary, two operators working together have fired a series of
31 VISAR shots in40 min on this system. This demonstrates that VISAR could be applied to production measure-
ments if necessary.

In another example, we helped two visitors (who were nut familiar with this VISAR) fire 54 shots in approx-
imately one day of firing. All shots gave usable data. lie feel this further demonstrates simplicity of VISAR
system operation.

Optical fiducial pulser

It is easily possible to generate simultaneous ~10-ns-wide optical pulses. We do this by connecting a
series string of sm.sll, Iight-emittinq diodes to a single avalanche transistor pulser. Light is coupled to
VISAR photomultiplers using light pipe. (Our pulser is 2 x 3 x 5 cm, and has 12 optical outp~ts and one elec-
trical output. )

With equal length light pipes, this proilides simultaneous optical fiducials to eight photoml~ltipliers on
our dual VI SAR. In addition to the time signals this system produces, it provides a double check on proper
photomultiplier operation just nanoseconds before a~d after velocity signals. It a,$o provides a simple tran-
stl’~t r?s?onse t@St for the complete signal path from photocathodes to digital data file in the ccmputer. This
hds been useful to help locate intermittent faults in signal cables; especially at connections, reltys, and
terminations.

Although the optical fiducfals are used for day-to-day sy,ichronization of VISAR data signals, the fast
turn-on of the laser is a better timinq fiducial because the actual path for signals is used. Therefore, it
was used to check out the !ight emitting diode system at Initial setup,

Note that the optical fiducial system m(’st be used, in qenerol, for VISAR shots instead of the laser turn-
on. TII(s is because of the random interferometer phaso at laser tllrn-on time. If eith@r data ‘.ignal is at
90° or 270°, then no output will be present in that, siuna) to provide timing synchronization.

Use the Pockel’s cell waste beam—....——

A laser spectrum anfilyz?r can be permanently rnoun!ml to receive the laser Pockel’s eel! waste beam. Be-
cause this b@am is reflected to one side of the laser axis, It is simple to mount a $uitab]e attenuator and
slw?ctrum analyr~? in this location Thus, the laser ‘pectrurn car~ conveniently be observed at any time except
for when the Pocket’s cell is Uated on.

Conclusion———. ---

Importance of features discussed are illus~. rated in t ,gure 5 Advantageous use of a sequencer, proper
translator, optical fiduclals, laser spectrum analyzer, and precise frlnqe cor)stmt also enhance VISAR valusr,

I
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,:igure 5. Oiagram illustrating benefits of VISAR features
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